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Abstract

Aim: The aim of the present preliminary study was to 

observe and make a histologic comparison of con-

nective tissue grafts (CTGs) harvested from the lat-

eral palatal mucosa through the use of two different 

 harvesting techniques.

Materials and methods: Three patients were  enrolled 

in the study, providing six standardized CTGs. one 

well-experienced periodontist collected the replace-

ment grafts using two different methods. after out-

lining the grafts to a fixed dimension, the graft on 

one side was deepithelialized by a round coarse bur 

intra orally before harvesting. The graft on the contra-

lateral side was obtained by harvesting from the 

 palate first; subsequently, deepithelialization was per-

formed extraorally with the aid of a no. 15c blade. after 

 finalization, histologic evaluation was performed.

Results: No apparent differences were found be-

tween the two observed techniques in terms of graft 

thickness, proportion, and composition. after deepi-

thelialization, epithelial remnants were clearly evident 

in five out of six cases. Despite being more technique 

sensitive, the removal of epithelium by bur scored 

better. Proper graft handling and graft regularity are 

described as advantages of the more conventional 

 epithelial excision by blade.

Conclusions: Despite the wide use and broad variety 

of commonly applied techniques of graft deepithe-

lialization, the present authors assume that full exci-

sions with the use of a blade are hardly ever achieved. 

Despite the unpredictable retrieval of epithelium by 

blade, graft handling and graft regularity can be pro-

posed as the biggest advantages. on the other hand, 

the presented novel in situ deepithelialization with a 

round bur seems to be more predictable. 

(Int J Esthet Dent 2023;18:80–89)
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mainly adipose tissue with numerous glands 

and nerves. This more profound layer has a 

great variability in composition and dimen-

sion, inter- and intraindividually.4,13

Despite the widespread usage, high 

esthetics, and predictable results of CTG 

procedures,4 previous studies have demon-

strated multiple complications, including 

graft necrosis,1 sloughing of palatal tissue,14 

paresthesia or hemorrhage,12 cyst forma-

tion,15,16 swelling,17 and gingival cul-de-sac 

formation.18 Residual epithelium is assumed 

to be responsible for some of these post-

operative complications, as histologic an a-

lyses of biopsies from cysts, swellings, and 

gingival cul-de-sacs found the presence of 

epithelial cells.15-18 

Nowadays, a variety of different harvest-

ing techniques with numerous modifications 

is available with the main goal of obtaining 

the largest possible volume while minimiz-

ing postoperative discomfort such as pain, 

bleeding, and morbidity. Two groups can 

be distinguished: subepithelial connective 

tissue grafts (SCTGs) and deepithelialized 

gingival grafts (DGGs), or CTGs with and 

without a remaining collar of  keratinized 

epithelial lining.19 

Depending on the desired geometric 

shape and histologic composition of the 

autografts, a remarkable number of clinical 

suggestions is proposed for both harvest-

ing technique and grafting site. Neverthe-

less, to date, the clinical decision depends 

on the personal preference of the treating 

surgeon.4 

The aim of the present preliminary single- 

center study was to observe and make a his-

tologic comparison of a CTG harvested from 

the lateral palatal mucosa through the use 

of two different harvesting methods: one 

graft was retrieved from its lining ep i thelium 

intraorally by a coarse diamond bur (T), and 

the other was deepithelialized extra orally 

with the aid of a no. 15c blade (C). The main 

hypothesis of the present study proposed a 

Introduction

The use of a connective tissue graft (CTG) 

for the purpose of increasing the width of 

keratinized gingiva was first described by 

alan Edel in 1974.1 Since then, many im-

provements have been suggested to meet 

the needs of the continually evolving fields 

of periodontal plastic surgery and implan-

tology. Besides widening of the keratinized 

tissue, increasing the soft tissue volume is 

the other main goal of soft tissue grafting in-

terventions. as a consequence of the higher 

esthetic and functional demand, soft tissue 

replacement grafts are widely used to treat 

a variety of procedures such as soft tissue 

augmen tation, ridge preservation, recession 

coverage, papilla reconstruction, furcation 

treatment as well as the management of tis-

sue  abnormalities such as scar corrections.2-5

Three histologic layers can be fractioned 

in the masticatory mucosa of the hard pal-

ate, which served as a donor site in the 

present study: the epithelium, the lamina 

propria, and the submucosal layer. The epi-

thelial layer is about 300-µm thick and is 

characterized by orthokeratinization. only a 

few articles in the literature define the ep i-

thelial thickness for palatal mucosa, ranging  

from a mean of 364  µm to 430  µm.6,7 

 additionally, an association was found for 

epithelial thickness and the following char-

acteristics: age, gender, donor site, smoking, 

and the presence of removable devices.6-10 

The aforementioned deeper layers of 

lamina propria and submucosa compose 

the connective tissue. The lamina propria 

consists predominantly of collagen fibers 

and is divided into the papillary and reticular 

portions. The papillary portion is the most 

superficial part, with finger-like projections 

that interlock with the overlying epithelium. 

Thick and dense reticular fibers embody the 

reticular portion.11,12

Whereas the lamina propria is composed 

of coarse tissue, the submucosa comprises 
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more consistent result for the more conven-

tional deepithelialization by blade.

Materials and methods

Patients

Three patients, two females and one male, 

were enrolled in the present study, which 

took place at a private referral practice for 

periodontology in Bulgaria, with procedures 

requiring CTGs for different purposes. The 

average patient age was 42.3 (30 to 62) 

years. all patients were Caucasians and 

were in good general health. Patients with 

mucocutaneous disorders, with previous 

periodontal surgery in the palatal area, on 

medication affecting the periodontal soft 

tissue (ie, calcium channel blockers or phe-

nytoin), with uncontrolled systemic diseas-

es as well as anticoagulated patients were 

excluded from the study. None of the pa-

tients showed signs of inflammation, and 

all patients had <  2  mm of probing depth 

near the palatal donor site. all patients were 

informed about the study purpose and the 

surgical procedure to be used. a consent 

form agreeing to participate in the study 

was signed by all three participants (Table 1).

Graft harvesting

Each of the three study participants pro-

vided  two equally sized grafts from both 

sides of the lateral palate, located 2  mm 

from the gingival border of the maxillary 

first molar. after delivering local anesthesia 

of 4% articaine with 1:100,000 epinephrine, 

two sets of two parallel incisions with a 

depth of 2 mm perpendicular to the masti-

catory mucosa were set to outline the graft. 

all incisions were performed with a no. 15c 

blade. 

all grafts were equal in size with a dimen-

sion of 6  mm (vertically) by 10  mm (hori-

zontally) (Fig 1). The grafts were obtained 

by one well-experienced periodontist under 

magnified vision using an operative micro-

scope (Zeiss ST; Carl Zeiss). 

Two different methods, each on one 

side of the palate, were deployed to harvest 

the replacement grafts. 

With the first rather novel method, the 

lining epithelium of the palatal graft was 

deepithelialized intraorally before harvesting 

with a round coarse diamond bur mount-

ed on a low-speed contra-angle handpiece 

(Fig 2a). Graft retrieval was fulfilled by rotat-

ing the blade almost parallel to the mucosal 

Table 1 Distribution of patient-related factors

Patient 1 Patient 2 Patient 3

Age (years) 62 35 30

Gender (male/female) f f m

Ethnicity Caucasian Caucasian Caucasian

Smoking status (Y/N) No Yes No

Fig 1 Setup: Two equally sized grafts (red outlines) 

were harvested using two different deepithelialization 

techniques. after bilateral deepithelialization of both 

sides, each of the six grafts was cut vertically into two 

equally sized pieces. a small biopsy adjacent to this 

middle-section cut (black line) was processed for 

further histologic observation. 
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surface and moving apically until mobiliza-

tion. The upcoming bleeding allowed the 

practitioner to control the depth of deepi-

thelialization. The excised partial-thickness 

graft had a remaining thickness of 1.5 mm 

(Fig 2b). 

The second method can be described 

as more conventional. after preparing the 

outline of the graft, a free epithelium CTG 

was harvested with a no. 15c blade from the 

lateral aspect of the palate with a uniform 

thickness of 2  mm (Fig 3a). The obtained 

graft was positioned on a wooden spatula, 

moistened with a saline solution, and ex-

cised of its lining epithelium with a fresh, 

sharp no. 15c scalpel blade held parallel to 

the external graft surface. 

after extraoral deepithelialization of the 

graft, where care was taken to ensure the 

total removal of the epithelium, a thickness 

of around 1.5 mm remained (Fig 3b).

all the surgical procedures were per-

formed in one session.

Histologic evaluation

after procuring the grafts from the lateral 

palatal areas, external pressure was applied 

at the donor site for 7 min with a wet gauze 

to obtain hemostasis. after deepithelializa-

tion, each of the six grafts was cut vertically, 

along the short axis of the graft, into two 

equally sized pieces, and processed for em-

bedding in paraffin. a small biopsy adjacent 

to this middle-section cut was taken at this 

time and immediately fixed in 10% neutral 

formalin solution for further histologic evalu-

ation. Semi-thin (2- to 4-µm) serial sections 

were cut and stained with hematoxylin and 

eosin. The sections were observed under a 

light microscope (Fig 4).

Fig 2 Method one (T): (a) The lining epithelium of the palatal graft was deepithelialized intraorally before harvest-

ing with a round coarse diamond bur mounted on a low-speed contra-angle handpiece. (b) The upcoming 

bleeding allowed control of the depth of deepithelialization. The excised partial-thickness graft had a remaining 

thickness of 1.5 mm.

a b
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Results

The most common overall feature of the 

six different replacement grafts was the 

consistency in thickness and proportion. 

although the grafts were harvested using 

two different methods, a general thickness 

of around 1.5 mm was found for all finalized 

grafts (Fig 4). 

Furthermore, no significant variation 

in the histologic makeup was found. The 

six representative grafts were composed 

predominantly of lamina propria, with the 

clear appearance of dense collagen  fibers 

surrounded by small blood vessels. No 

apparent differences in consistency and 

vascularization were found between the 

conventional technique and the new deepi-

thelialization method using a bur. although 

only a minimal amount, all the grafts har-

vested with a blade showed a portion of 

submucosa (Fig 4a), whereas only one out 

of the three grafts harvested after deepithe-

lialization with a bur revealed some sub-

mucosa (Fig 4b-III).

Epithelial remnants, although present in 

different proportions, were clearly evident in 

five out of the six grafts. Therefore, only one 

graft could correctly be considered ‘epithe-

lium-free’ (Fig 4b-I). Despite the fact that 

only the most superficial layer of epithelium 

was excised in all of the extraorally deepi-

thelialized grafts, they all consisted of some 

residual isolated fragments of rete pegs 

(Fig  4a). In two out of three grafts where 

the epithelium was retrieved extraorally, 

the surface containing residual epithelium 

was larger than the epithelial-free surface 

(Fig 4a-II–III).

a remarkable finding was that, in two 

out of three grafts deepithelialized with a 

bur, the full elimination of epithelium was 

Fig 3 Method two (C): (a) after preparing the outline of the graft, a free epithelium CTG with a thickness of 2 mm 

was harvested with a no. 15c blade from the lateral aspect of the palate. (b) The obtained graft was positioned on a 

wooden spatula, moistened with a saline solution, and excised of its lining epithelium with a fresh, sharp no. 15c 

scalpel blade held parallel to the external graft surface.

a b
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The patients reported a rather minimal 

level of palatal discomfort pre- and postop-

eratively, with no need for further unsched-

uled appointments. Postsurgical healing 

was uneventful for both grafting sites in all 

patients.

Both surgical techniques were executed 

as planned. Nevertheless, the practitioner 

reported that the deepithelialization with a 

bur was more technique sensitive due to 

the thinner and more fragile size and deeper 

position of the graft that had to be harvest-

ed after the intraoral removal of the more 

fixed-structure epithelial lining. The extraoral 

deepithelialization by blade was found to be 

more conventional and  therefore easier to 

perform. 

Discussion

a numerous variety of harvesting methods 

is available nowadays. a distinction can be 

made between two major CTG groups: 

SCTGs and DGGs. The former group includes 

CTGs harvested underneath the epithelial 

border, with the epithelial layer remaining in 

situ, while the latter group includes all har-

vested grafts with a remaining collar of kera-

tinized epithelium. These grafts are excised 

from their upper layer extraorally.4,19,20

The main purpose of the present study 

was to observe and compare the histologic 

differences of a CTG harvested from the lat-

eral palatal mucosa using two different har-

vesting methods. one graft was retrieved 

from its lining epithelium intraorally with 

the use of a coarse diamond bur, and the 

 other was deepithelialized extraorally with 

the aid of a no. 15c blade. The latter control 

(C) group can be seen as a classic exam-

ple of a DGG, whereas the former test (T) 

group is a novel proposed deepithelializing 

technique that represents a modification of 

the SCTG.21

a limited number of articles in the litera-

ture define a mean palatal  epithelial thickness  

apparent, including the protruding rete 

pegs. Nevertheless, the connective tissue 

papillae displayed an intact presence at that 

same location (Fig 4b-II–III).

Fig 4a and b histologic evaluation under a light microscope.

(a) histologic appearance of 
CTGs after extraoral deepitheli­
alization with a conventional 
blade. although only the most 
superficial layer of epithelium 
was excised in all of the extra-
oral deepithelialized grafts, they 
all contained some residual 
epithelium.

(b) histologic appearance of 
CTGs after a novel intraoral 
deepithelialization technique 
with a coarse round bur. 
 although the most predominant 
part of the graft is composed of 
lamina propria, all harvested grafts 
show a portion of submucosa.

highlight of 4a-III: This histologic 
coupe highlights the presence of 
almost the entire epithelium layer. 
only the most superficial part is 
excised.

highlight of 4b-III: This histologic 
coupe highlights the superficial 
part of the epithelial excised graft. 
although the connective tissue 
papillae presented intact at this 
location, a full elimination of epi-
thelium including the rete pegs is 
displayed.

I I

II II

III III

IV IV
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tissue papillae of the epithelium–connec-

tive tissue interface consist predominantly 

of loose  connections in older patients.7 

In the present study, an assumption can 

be made that the peaks of the connective 

tissue papillae were already visible, although 

the rete pegs were still in situ. The visual 

confirmation of connective tissue led to the 

false assumption that the deepithelialization 

process had been completed. 

While it can be taken as read that the 

complete absence of residual epithelium is 

not a definite criterion for clinical postop-

erative complications, several studies have 

shown that epithelial remnants may have 

an impact.15-18 although CTG procedures in 

general yield excellent clinical outcomes, 

with rather low postoperative complica-

tions, an insufficient exclusion of epithelium 

could play a negative role in the early post-

operative phase, slowing down plasmatic 

circulation and revascularization, whereas 

both these factors are considered key to 

grafting success. already in 1968, Sullivan 

and atkins26 suggested that fat and glan-

dular tissue should be removed from CTGs 

due to the fear that they may act as a barrier 

to these proposed key factors. 

Besides the negative influence of ‘act-

ing as a barrier,’ the epithelial layer itself is 

less vascular, which will compromise the 

direct reestablishment of reusing the preex-

isting vascular network and the subsequent 

ingrowth of capillaries and anastomoses 

formation.27,28 The supposition of switching 

the superficial epithelial side of the graft in-

wards or outwards was found to have no 

 significant effect on the clinical outcome.29 

With other previous studies demonstrat-

ing clear evidence of remaining epithelium 

in up to 80% of grafts without high com-

plication numbers and with high success 

rates,30,31 the speculation can be made that 

there is a sort of threshold for the portion 

of epithelium impacted, without leading to 

further complications.4 

and the possible criteria that have an in-

fluence on this value. lee and co workers7 

described a mean epithelial thickness of 

the palatal mucosa of 430  µm, ranging 

from 113  to 823 µm. While no association 

was found with donor site or age, signifi-

cant differences were shown to occur be-

tween the genders, with males having much 

thicker palates than females. These authors 

suggested to bear in mind a mini mum of 

0.9 mm for epithelial removal to transcend 

the greatest epithelial thickness value of 

823 µm. It is noteworthy that these higher 

values may be related to the geographic or-

igin of patients. The diet of the investigated 

korean population is diver gent, pungent, 

and spicy, which could influence epithelial 

thickness.7,8 Soehren et al6 reported that the 

mean epithelial thickness for 14 american 

patients was 364  µm, ranging from 111 to 

619 µm, and besides gender and ethnicity, 

can also be influenced by donor site, age, 

smoking, and the presence of removable 

devices. In this report, a thickness of 0.5 mm 

was proposed as the excision depth to be 

borne in mind for the epithelium.6 

Despite the use of high magnification, 

microsurgical instruments, and proper light-

ing under the direct visual inspection of a 

highly experienced expert in the field, all 

of the extraoral deepithelialized grafts con-

sisted of epithelium.4,22,23 With almost all 

grafts still containing residual epithelium, 

the chances are that the epithelial thickness 

was visually underestimated by the well- 

experienced clinician in the present study. 

The boundary between the oral epithelium 

and the connective tissue has to be seen 

as a high-peak wavy course. The finger-like 

projections of connective tissue – the con-

nective tissue papillae – project into the epi-

thelial layer. Besides the mean thickness of 

the epithelial layer, a few studies highlight 

the age- dependent differences in compo-

sition and the height of the rete pegs,24,25 

whereas others show that the connective 
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In the present study, the histologic 

coupes obtained by the novel intraoral 

deepithelialization technique (T) showed 

a remarkable finding: Despite the fact that 

the connective tissue papillae presented 

intact at some locations, a full elimination 

of epithelium including the rete pegs was 

displayed.

a basal lamina of around 350 nm thick-

ness joins the epithelium to the underlying 

connective tissue. anchoring fibrils physi-

cally connect the hemidesmosomes of the 

basal epithelial cells to a reticular conden-

sation of the underlying tissue fibrils. There 

they appear to form loops around interstitial 

collagen fibers.11,12 apparently, the coarse 

sweeping movement detaches the epi-

thelium–connective tissue entanglement 

without causing damage. The brushing 

movement of the low-speed bur seems to 

disconnect the anchoring fibers of the basal 

lamina.32,33 

Considering the growing demand for 

excellent esthetics and function, an in-

creased usage and popularity of CTGs can 

be expected. Therefore, a general basic 

understanding of mucosal anatomy and 

the fundamental biologic principles of CTG 

integration and vascularization are essential 

for success in clinical applications. 

Conclusions

Within the limitations of the small number 

of clinical cases included in the present 

study, the presented in situ deepitheliali-

zation technique for CTG harvesting using 

a bur, which is assumed to require higher 

practitioner expertise to execute, seems to 

be more predictable in outcome than extra-

oral epithelial excision by blade. Contrary to 

expectation, a greater portion of epithelial 

remnants was found for this latter, more 

conventional method. Future research in 

periodontal plastic surgery, including further 

long-term clinical and histologic studies 

with a greater number of samples, should 

focus on comparing graft deepithelializa-

tion of a CTG using a coarse bur with that 

using a standard blade.

Disclaimer

The authors declare that they have no con-

flicts of interest. The present article was 

self-funded by the authors.

References

1. Edel a. Clinical evaluation of free 

 connective tissue grafts used to increase 

the width of keratinised gingiva. J Clin 

 Periodontol 1974;1:185–196. 

2. lekovic V, kenney EB, Carranza Fa, 

 Martignoni M. The use of autogenous peri-

osteal grafts as barriers for the treatment 

of Class II furcation involvements in lower 

molars. J Periodontol 1991;62:775–780.

3. Thoma DS, Buranawat B, hämmerle ChF, 

held U, Jung RE. Efficacy of soft tissue 

augmentation around dental implants and 

in partially edentulous areas: a systematic 

review. J Clin Periodontol 2014;41  

(suppl 15):S77–S91. 

4. Zuhr o, Bäumer D, hürzeler M. The 

addition of soft tissue replacement grafts in 

plastic periodontal and implant surgery: crit-

ical elements in design and execution. J Clin 

Periodontol 2014;41(suppl 15):S123–S142.

5. Chambrone l, Tatakis DN.  Periodontal 

soft tissue root coverage procedures: 

a  systematic review from the aaP 

 Regeneration Workshop. J Periodontol 

2015;86(2 suppl):S8–S51. 

6. Soehren SE, allen al, Cutright DE, 

Seibert JS. Clinical and histologic studies 

of donor tissues utilized for free grafts 

of masticatory mucosa. J Periodontol 

1973;44:727–741. 

7. lee YJ, kwon Yh, Park JB, et al. Epithelial 

thickness of the palatal mucosa: a histo-

morphometric study in koreans. anat Rec 

(hoboken) 2010;293:1966–1970. 

8. kapali S, Townsend G, Richards l, 

Parish T. Palatal rugae patterns in  australian 

aborigines and Caucasians. aust Dent 

J 1997;42:129–133.

9. Wara-aswapati N, Pitiphat W, 

 Chandrapho N, Rattanayatikul C,  karimbux N. 

Thickness of palatal masticatory  mucosa 

associated with age. J Periodontol 2001;72: 

1407–1412. 

10. Stipetić J, hrala Z, Celebić a.  Thickness 

of masticatory mucosa in the human hard  



STaNkoV ET al

89The International Journal of Esthetic Dentistry | Volume 18 | Number 1 | Spring 2023  |

palate and tuberosity dependent on 

 gender and body mass index. Coll antropol 

2005;29:243–247.

11. Schroeder hE. oral structure  biology 

and its effects on dental practice [in 

German]. Dtsch Zahn Mund kieferheilkd 

Zentralbl Gesamte 1974;62:129–139.

12. Reiser GM, Bruno JF, Mahan PE, 

 larkin lh. The subepithelial connective 

 tissue graft palatal donor site: anatomic 

considerations for surgeons. Int J Peri-

odontics Restorative Dent 1996;16:130–137.

13. Müller hP, Schaller N, Eger T,  heinecke a. 

Thickness of masticatory mucosa. J Clin 

Periodontol 2000;27:431–436.

14. harris RJ. The connective tissue and 

partial thickness double pedicle graft: a 

 predictable method of obtaining root cover-

age. J Periodontol 1992;63:477–486. 

15. Breault lG, Billman Ma, lewis DM. 

 Report of a gingival “surgical cyst” develop-

ing secondarily to a subepithelial connective 

tissue graft. J Periodontol 1997;68:392–395.

16. harris RJ. Formation of a cyst-like area 

after a connective tissue graft for root 

 coverage. J Periodontol 2002;73:340–345.

17. Vastardis S, Yukna Ra. Gingival/soft 

tissue abscess following subepithelial 

 connective tissue graft for root  coverage: 

report of three cases. J Periodontol 2003; 

74:1676–1681.

18. Wei PC, Geivelis M. a gingival cul-de-sac 

following a root coverage procedure with a 

subepithelial connective tissue submerged 

graft. J Periodontol 2003;74:1376–1380.

19. Tavelli l, Ravidà a, lin Gh, Del amo Fl, 

Tattan M, Wang hl. Comparison between 

subepithelial connective tissue graft and 

de-epithelialized gingival graft: a  systematic 

review and a meta-analysis. J Int acad 

 Periodontol 2019;21:82–96.

20. Puri k, kumar a, khatri M, Bansal M, 

Rehan M, Siddeshappa ST. 44-year journey 

of palatal connective tissue graft harvest: a 

narrative review. J Indian Soc Periodontol 

2019;23:395–408.

21. Sebaoun a, Cohen o, Slutzkey GS, 

Meir h, Nemcovsky CE, Beitlitum I. histo-

logic and histomorphometric evaluation of 

a connective tissue graft retrieved with a 

novel deepithelialization procedure: a case 

series. Int J Periodontics Restorative Dent 

2022;42:e1–e7. 

22. Zucchelli G, Mazzotti C, Mounssif I, 

Mele M, Stefanini M, Montebugnoli l. 

a novel surgical-prosthetic approach for 

soft tissue dehiscence coverage around 

single implant. Clin oral Implants Res 2013; 

24:957–962.

23. kahn S, araújo ITE, Dias aT, de  Souza aB, 

Chambrone l, Fernandes GVo.  histologic 

and histomorphometric analysis of 

connective tissue grafts harvested by the 

parallel incision method: a pilot randomized 

controlled trial comparing macro- and 

microsurgical approaches. Quintessence Int 

2021;52:772–778.

24. löe h, karring T. The three-dimensional 

morphology of the epithelium-connective 

tissue interface of the gingiva as related  

to age and sex. Scand J Dent Res 1971;79: 

315–326.

25. Shklar G. The effects of aging upon oral 

mucosa. J Invest Dermatol 1966;47:115–120.

26. Sullivan hC, atkins Jh. Free autogenous 

gingival grafts. 3. Utilization of grafts in the 

treatment of gingival recession. Periodontics 

1968;6:152–160.

27. Nobuto T. Experimental study on 

 microvascularization following free gingival 

autograft--process of the recirculation 

to grafts [in Japanese]. Nihon Shishubyo 

 Gakkai kaishi 1987;29:352–364.

28. Nobuto T, Imai h, Yamaoka a. Micro-

vascularization of the free gingival autograft. 

J Periodontol 1988;59:639–646. 

29. al-Zahrani MS, Bissada NF, Ficara aJ, 

Cole B. Effect of connective tissue graft 

orientation on root coverage and gingival 

augmentation. Int J Periodontics Restorative 

Dent 2004;24:65–69.

30. harris RJ. histologic evaluation of 

 connective tissue grafts in humans. Int 

J Periodontics Restorative Dent 2003; 

23:575–583.

31. ouhayoun JP, Sawaf Mh, Goffaux JC, 

Etienne D, Forest N. Re-epithelialization of a 

palatal connective tissue graft transplanted 

in a non-keratinized alveolar mucosa: a 

 histological and biochemical study in humans. 

J Periodontal Res 1988;23:127–133.

32. karring T, löe h. The three-dimensional 

concept of the epithelium-connective tissue 

boundary of gingiva. acta odontol Scand 

1970;28:917–933. 

33. karring T, lang NP, löe h. The role of 

gingival connective tissue in determining 

epithelial differentiation. J Periodontal Res 

1975;10:1–11. 


